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S UMMARY

Langzley r~presentatives reviewed the Centernt. research ~n
hypersonic propulsion with emphasls on materials -spect..
They covered the Hypersonic Research Engine 1n d<t=21il, The
Panel began a study that will be continued tefore, and at,
the next meeting, designed to identify future materials
requirements of hypersonic engines.

The Panel discussed Non-Destructive Testing (NDT) and Life
Prediction methods for alreraft engines and arrlved at a 1list
of tentative research suggestions.

A Subpancl on superalloys submitted a list of research recom-
mendations, which was mndified by the Panel,

Future nends for facilitice for engilne materisla recearch
were dlscussed, and three were found that warrant more
detalled study viz: (1) an engine facility for material:
tes*ing, (2) an NDT facility and (3) a facility for casting
research, ‘
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MINUTES OF NINTH MEETING

OF THH

NASA RESEARCH AND TECHNOLOGY ADVISORY PANEL

ON

MATERIALS FOR AIRCRAFT ENGINES

NASA Langley Research Center

April 23-25, 1969

The ninth meeting of the NASA Research and Technology Advisory
Panel on Materials for Alrcraft Engines convened at 9:00 a.m.
EST on April 23, 1969,

Present:

Dr. Robert 1, Jatfee, Chairman Mr, Albcrt W, Anglin, Jr.
Mr, Walter £, Rin-, Jr. Mr. G. Mervin Ault

Mr, Elihu ¥, Bradley Mr, Michael B, Comb-riate
Dr, Harris M, Burte Mr, James J. Gangler

Mr, William R. Freeman, Jr, Mr. Richard Pride

Mr. Dean Hanink Mr, Richard H. Raring

Mr, Louls P, Jahnke Secretary

Mr, John V, Long

Mr.

Ward Minkler

Prof., Robert A. Rapp

Mr,
Mr.

Winston H, Sharp
John white

Absent:

Dr.
Mr.

e C. Burke
Philip Goodwin

Prof, Ray wW. Guard

Mr.
Mr.

Francls B, Howard
Ira Petker

NASA Staff:

Mr.

L. K. loftin, Jr, Assistant

Director, Lan¢lov Research Center

Mr,
Mr,
Mr.
Mr,
Mr,
Mr.,
Mr.,
Mr.

Karl H. Andrews, Jr,
Tom F. Bonner, Jr,
L. Robert Jackson
Neale H, Krllv
kErnest A, Mackley
Kldon Mathauser
Mark R. Nickols
Bland A, Steln
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Vigi® wrs.

Mr, %ooree Seely, WPARY
M+, Thoma: Willis, WPAFR
Mr, Chest~r Wurlonec, AEDC
Mr, W, C. RBeeccraft, WPAFR
Mr, irving Machlin, NASC

The Chairman stated *thet Mr, Francis Howard had resigned his
FAA position 1n Washineton to join the Navy!'. Office at Palm
Beach; FAA has not yet named a replacement on the Panel., The
Chairman introduced Mr, Irving Machlin who ittended the
meeting In place of Mr, Philip Goodwin.

»



SECRETARY'S REPORT

Th~» seecrefary reported that the NASA Research and Technology
Advisory Committee on BRasic Research, which is the senior
advisory eroup to which the Panel and four other of NASA's
research advisory bodles formally transmit recommendations
for ~ndorsement and conrdination, had made three requests

of 1ts subgroups at it~ last meeting, April 16-17, 1969,

1. Sinee the Rasic Research Committen meets but once
a year, and always 'n late April or early Mav, 1t is obviously
expeditlious for the subgroups to schedule their last meeting
of tre fiscal year shortly before the Committee's annual
meeting,

?« The Committee noted that an adequate review and
discussion of the voalumnious output of minutes and reports
of its five subgroups is often difficult or impossible at its
once-a-year meeting, Conseouently, the Committee suggested
that the subgroups prriodlcally prepare position-papers, or
concise versions of their recommendations and Justifications,
as an adJunct to thelr minutes and reports.

Ze Noting that the identification of research facilities that
will be nended in the future, especially those of high rost
and 1ond¢ lead~times, is an important function of the sSuDgroups
and ~n that they have tended to slight, the Research Committee
asked that increascd attention be gilven to that matter,

INTRODUCTIONS

Mr., John Henry, Chir? of Langley's Hyoersonic Propulsion
Branch, welcomed members of the Panel and of the Subcommittee
on Airbreathing Propulsion, who were met in Joint session to
receive presentation. by lLangley representatlves on propul -
sion systems for hyoersonic flirht and presentations by Alr
Force representatives on aeronautic fechnology and facilities
of forelgn countries,

Mr. Yenwry Introduced Mr, 1., K. Loftin, Jr., Assistant Directnry
of the larrley Research Center, who brieflv described the
Canter's regearch on aernnautics., At present, 3% of Langlev's
mannower 's applied to aeronautics, compared with 24% +hree
vears agzo. However, the absolute increase in aeronautical
research 1s less than these numbers suggest because the Centers
manpower ~~i1ling is lower than it -'was two vears ago, By July
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1069, total employees must be down to 3,840, compared with
4,300 two years ago. Mr. Loftin said that of the two chief
constraints limiting aeronautical research--i.,~,, personnel
ceiling and the total funds--the ceiling Is the limiting one,

langley's aeronautical research breaks down approximately as
Follows: supersonic 34%; hyper<onic 24%; VSTOL 18%. There
is arbitrariness in this breakdown because some work is
anplicable to more than one of the categories,

PRESENTATIONS ON HYPERSONIC PROPULSION

Mr. karl andrews of langlev's Hypersonic Propulsion Rranch
spoke on ¥he environment and concepts of hypersonic alrplanes.
Coples of his uneclassified slides are attached as Appendix I,
He began with 3 discussion of the most oromising kinds of
power plants and fuels for speeds to Mach 2L and »of the
corregponding environmental factors, including altitudes,
stagnation temperatures, dynamic and tota? pressure,

(Figures 1-4)

Next, he deseribed-with the aid of a full-scale mock-up--

the Hypersonic Research Engine (HRE) designed and constructed,
over the past three years, by AiResearch under a Langley
Contract (Fiquros H—Q). These flgures contaln information

on t~mperatures, heat fluxes, internal ducting of coolant, and
naterials, =nd illustrated the engines basie configuration.
Mr. Andrews pointed out that the cooling requirements will
~ilve rise to desiegn and materials problems, He noted that

to minimize the total cooled surface the desisner must
mivimize the internal wettad surface, In order to further
reducs 200llng requirements he will probably want, or need,
an insulating coating, Any such coating will have to be able
vo withstand a reasonable number of thermal cycles without
spalling. '

Mgi_ﬁfwygﬁlghKﬂllx, of Tangley's kight-foot Hleh -Temperature .

Structures Tunnel Rranch, described the structure, materials,

and operation of the HRE in more detall, Prints of his slides
are in Appendix IT.

Mr, Kelly'!'s talk covered, and the prints »~f his slides show
data and ~ther specifics on: the desirn and structure of the
~eled panels; the design parameters of cooling fins; test
results of trazed fins made from various materials; and results
of erenn tost and fatlgue tests of the materials used for the
znoled panels,
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In response to questisns about the high coolinr-equivalency
ratin (Hg needed %o cocy/H? used as fuel), whichk in the HRE

1s approximately three, Mp| Kelly pointed »nut that the HRE
deslgners did not meke any speclal efforts “. cvet a low ratio.
Eventually, he bell~ves, in real engines with well-defined
range and economic roals, the ratic will be reduced by

various desipgn stratagems, such as coatlings or lower wetted
surfaces, to one or less,

Of the s31x most urgent needs of hypersonic englnes, 1isted on
Mr., Kellv's last slide (Flgure 15, Appendix 11), three delt
with materials (bet+ter high-temperature allovs; insulating
coatings; and improved fabrication), 1In reply to questions
about receontly reported instances -f incompatability between
some stainless steels and nickel-base alloys and gaseous
hydrocen (GHp), Mr. Kelly sald that AiResearch was aware of
thes matters and had made tests that satizfied their
ongineers that ther would be no trouble with the alloys

in the HF' at the GHz pressures and temperatures encountered,
Mr. L. Robert Jackson, of “he “erofhermal Elasticity Section
dlscussed Langlry's research on Yhermal protoctive systems
(TPS) for liquld hydrogen (IHz) tanks »f hvpersonic alrplenes,
Alvhough LYo 1s by “ar the most efficient fuel nn a weight
basis, its low density aggravates tank-insulstion prohlems,
since a4 LHp tank 1s flve times ac bie as a JP *4nk of equal
ary capaclity, and because of the lowrr LHo temperature,
Consequently, the tanks for hypersonic airplanes wil} require
TPS »f low weight and high efficiency. Also, the materials
must be compatable with GHp and other environmental factors,
at onth hich and low temperature. ItsAT will be 2,000°F,
-{cf. the 200°F AT for the SST).

Mr. Jackson's first slide (copies of his sllde are in

Appendix 1!'1) i!lustrates th- three ma jor problems of TH~

“ink Insualation: i,e. control of heat flow to fuel; cryosumnine,
In the insulatlon spuc.: and insurance of an inert space arouni
vthe “anl.. He explalnid design concepts with vacuum insulation;
Aaultiwall 11 structures  and cryoevacuated foam insulation.
Hit s!'%de showed the facllitirs he used to ~rvoluate experl-
ment=2! ~tructures and reaalts of testo nf oxperimental tank,

He drsceribed a degirr ipproach In which s,7id o4 ig cryode -
noLlited, then absorbs heat by =subllmation durinsg flight; th's
deslpgn led to +he 1low- st weliht ., Mr, Jacksor!'z summary sljde
listed the major problem areas and necds an: I1¥H»> test facili-
tics,; jolning and seallng of verv thin-page all vs; methods

of s~aling polymeric materials; polymers with higher tempera-
ture capabilities: Insulating material that prevents flow of
LN2 but yet permits outgassing)and facilities for systems

testing of various Tpg,
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Mr, Pland A, “tein, of Langley's Structural Materials Branch,
reviewed the Center's materlals research in support of hyper-
sonic aircraft, Prints of his slides comprise Appendl> TV,
He bepan with a detailed description of the expected environ-
ment of a hypersonic crulse alrplane in terms of temperature,
time, and precsure at var’ous locations on the surface and
wlthin th airframe, His slides listed the most promising:

materials for the several applications.

Mr. 5tcin next discussed the kinds of facilities that will be

needed f'or the ecvaluation of materials and he showed dlagrams

and photographs of Langley's new Hypersonic Materials Environ-
mental Test System, now about ready for full use (Figures 3-5

of Appendix IV),

Mr, Stelin then discunsed Langley's oxidation test of materlals
for non-refurbishable heat shields, including microprobe
analysis of compositinon changes immediately below the surfacr,
Rezrults are shown in Filgures 7 -9, He concluded with an account
of the manufacture and evaluation of Al-Sn-Mo- coated tantalum
alloye, tested in the Center's radiant heating facility
(Figurez 7-10), .

Ar., fult, at the Chairman's invitation, listed the Lewis
research tasks that have relrvance to, although not neceg-
s2rlly mo* fvatad eo!elv by, hypersonic alrcraft, He noted
“hat cert:in of these rescarech tasks have bean reviewed and
Ilscussed 21 provious meetings of APMAFE., Thev dret LHpo tank
materials research; TOF ot LHo temperature; inculation
matserials Cor crycrenic tanks; inculative oxide e roatinas for
cocled metalg grockef norzels); rescarch on sunerallcys for
use above 1200°F; rr.-“rch on powder metallursy approaches

to TD-type alloys; “iher strengthening of superilloys;
refractory metals and protective coatings for superalloys;
and fatigue predictinsn theory and experiment,

On the second day, the Panel met apart from the Propulsion
Subcommlittee, The {irst business wes a supplrmental present -
tion »n the HRE by Mr., Tom Bonner, assisted bv Messrs. Ernesf
Macklow and Neale Kedlly, This talk put greater emphasis on
ch materlals aspects »~f the HRE and was intend~d also to
“fford Panel members more opportunity for questions and
discussion,
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Mr. Tom Bonner bepan with a review of the ovorall objectivey
of the HRE project (1listed in Figure 1 of Appendix V)., He
went on to discussithe timlng of the various phases of the
project; detalls of the original test plan with £-15 as a
test bed; and coneluded with more detall on manufacturing
processes (Floures 2-4),

The project was bepgun ir 1964, Its obJjective was the desipn
and construction of an 200 pound max-welght engine that could
be tested to Mach 7 while hanging under the aft end of X=1h,
With the termination of the X-15 flight program, the HRE lost
1ts chance of a flight test, but both Langley and Lewis have
ground facilities that can make scveral kinds of tests to
Mach 7.

The HRE's designers Timit~d the temperature of 1naded ztruc-
tures to 1600R, non-lcaded ones to 2060R, Prchably the most
severe gaseous hydrogen (GH2) situation that any of tre
structural materiazls will experience will br 280 psi - 13COR
at the plenum, Just prior to injectlon tn the burner location.
Mr. Bonner sald tha*t AiResearch had tested all the materials
that will be in contact with GH~ at the actual operating con-
ditinns,

Mr. Kelly polnted ocuf thzt the HRE i3 strietly a research
devico, designed to test new concepts, such as hypersonic
combuntior and THo panel cooling. No special efforts were

made to cet hizh efficiency or thrust. He added that eventually,
when hypersonic airplanes are designed for practical f1light, the
anglnes would he qulte different. They will have tc be able to
sun contlinuously for sbout one hour, since that would be about
‘h2 maximum flight *Im~ petween any to earth-locations, and
would have tn be :cod t»r many flights, He sald that now-
wvallable :1loys and Tabrlcation methods will ¢o far the HRT.,
but practirzl and w:ieful encines will eall Oor new, improved,
and optimlzed materials, and especially new and better methodes
of fabrication,

DISCUSS1ION OF HRE, MATERIALS

Prof, Rapp asked 1f there was any concern abou! atomic hydro: .en
di~s»lving in, and diffusing through, the nickel-alloy coolin<
nanel., and then combining with the metal cxlde »n the cold
~1de.  Theuld this necur, the steam which would immecdiately
form could blow of f any protectlive oxide £ilm and thus lead

to. rapid loss of metal by nxldation. Mr. Kelly =said that in
"he 1imit~d test runs to date, this sequence of events has

not been observed.



Mr. Hanink suggested that TD nickel might be a very rood
material for heat exchangers of hydrogen-cooled parts because
its favorable combination of ductility, thermal expansion
{which indicate good ILCF) compatability with GH~, and high-
thermal conductivity,

Dr. Jaffer sugrested that a molybdenum heat -exchanger, coated
on the oxldizing side, might be good in view of 1its high thermal
conductivity,

Mr. White saw the materials problems of hypersonic epsines a
springin~ from (1) the high heat flux. of 800 RTU/ft</sec.

(2) 1ow-cyels fatigue, (3) hydrogen compatability and (4) *the
ceoling-efficlency ratio matter., Mr. Hanink said trat the

feat flux would not be very much higher than that in some parts
of today's Jet engines,

Dr, Jaffee suggrsted that a precracked coating (av a thermal
barrier) might be worth examlning because of its better
spalling resistance, Mr., Freeman remarked that there is
always a danger that coating cracks may run tnto the sub-
strate,

Mr. Rradley suggested that cobalt base alloys (ee. 1%3) are
worthy of consideration, in view of their melting point (higher
than Ni), mood oxidation resistance, high streneth, and low
thermal oxpansion. He was not aware of any data on their GH,
compatablility, Dr., Burte added that TD cobalt should be con-
s1dered,

The Zhalrman asked 3f Panel members believed that a Suabpanal
on Hypersoniec Engine Materials should be appointed, The
consensuy was nosative because it appeared that at present
che meterlzls rrquiroments could not be defined well enouisn
to establlsh requirement: and reuearch goals.,

Mr, Hanink thought trhat If the communicatlion: petwren desizners
2 advanced engine., such 4s the HRE on the one hand, and
materials reseapchar= ~n the other, could ber improved, it might
re possible to define materials necds sufficiently well to
Justify materials rescerch now, He recalled that he had made
thls same observation at previoux meetings, In connectlion with
advanced Jet enginei.. He suggested that the Panel agree on,
and submit to the Propulsinn Subcommittee, a formal procedure
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to follow to Improve communications between designer and
materlals englneers, The first step of the procedure 1is
submisslon of questionnaire-like outline, addressed to the
deszigner, as follows:

Design Interaction

Information required,

1.

3.

The materials people wonuld respond to the ahove 1n accordance

QO oW

Application characterization of mission and its
effects on

Cycle time
Stress mode
Temperature
Other ~nvironmental factors

Drsign ceriticalities/limitations and r~lationships

de
1EIR
Coe

Performance w#o.:ls
Materials/structurers availability
Durabilltv-endurance goals

Time Schedule of Needs

with the followlng forms.

Materials Response

Materials Knginenring Data

.
-
.

U0 o

-

Des

Statistically expressed

Scoor nf, and rrlationship to, application
Timeliness '
Format

fen Allowables

ouality Assurance

Fabrication R~ostraints

Availablility

8.
b.

Cnsts . RN e

'::':‘k{

.
D

When
Quantity

gont TalvawEL ST
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Future
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fs an additional RAPMAR effort tc focus on problems of hyper-
sonic »nsines, the Chalrman asked Mr., Pride {5 consult further
wlth Langley and AlResearch engineers who are connected with
the HRE and try to ildentify and evaluate the likely materials
barrinrrs -- e,e. GHo compatability, LCF, joining, fabrication,
emissivity, coating., creep, hydrogen diffusi~n, etc. Mr,
Pride agreed to do sc and to send his findings to the Panel
memoars in time for planning of discussion of the sublect at
the next meoting,

Report of NDT Subpancl

br., Rurte, Chairman of the Subpznel on NDT nd (ife Prediction
Methods, stated that the :ubpanel met at WPAFB on March 25 and
26 and drafted a report, which he distributed (Appendix V1),
Dr, Burte observed that during the past ten years or so, materials
engineers and physliclsts had extensively explored veryv manyv
phenomena for possible applicability to NDT, As a rezult,
there are now several new and very promising methods of NDT
that deserve more development, Dr, Burte recommended more
recearch Lo establish correlation between NDT indications and
service 2xperience, in preference to more fundamental research
on new NDT approaches, and also more work on pattern
recognitinn,

Nuring dlscusslon of the Report, the Panel suggested that the
following "areas" be added to the 1list beginning at the top of
Page - of Aprondix V1: Jdefects in single crystals; composite
structures: residual sfress; and overtemperature damage.

The Panel Jilscussed the need of a national centrr for NDT;
‘consensus was negative on recommending such an establishment
at the present time,

Dr, Burte distrlbuted a short discussion on fatlipue life pre-
diction for Jjet engines (Appendix VII), and oxpanded on it with
a description of how statistically-~based reliabilityv theory

was appllied to the wing box of the Ailr Force's fleet of K-13%
tankers, A Technical Note on this study is processed; Dr, BRurte
will have copies sent to Panel members,

Mr. Ault cugeested that, for clarity, low Cycle Fatipue be
ldentifled ac to whether 14 ies "thermal"” (1.CTF) or "mechanical"
(TCF). The chief diztinction is that in ICTF, the stresscg are
thermally induced, and occur over a range of temperaturcs, =0

‘het mechsnical propertiec are changing. T.CF implie-: mechanically
indured =tress at constant temperature., In both cases, special

SR
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problems arise when temperature exceeds 0.4 to C.» of tae
melting point, where creep becomes important., LCTF occur. at
temperatures above 0,4 of the alloys melting point. The Panecl
concurred with this sugpestion.

Mr. White .bscrved that LOF is much easier to deal with tran
LCTF, and that most of the research is and should be, on LCTF.

Dr. Burte concluded with recommendations that .

1. A& survey be made to ascertain the amount of current
R&D on LCF and 1ife prediction.

2. If the survey shows a level-of-effort of less tharn
10 to 12 tasks, it should be increased to approximately
that level,

3. LCF theories should be tested bv controlled nxperi-
ments with real ~ngines operating under representative
service conditions,.

4, Consideration be glven to the application of the
reliablility approach used on airframes ‘o engine parts,

Report of Superalloys Subpanel

Mr. Srarp passed out a list of seven recommendations of the
subpanel on Superalloys for discussion. Comments on the
indicated recommendation-numbers follow:

No. 1 Emphasis should be placed on use of powder Metal-
lurgy processes £5r use with hard-to-forge alloys and
for control ~f urain size. Forging alloys should be
added to this rrcommendation,

No, 2 The temperiture range should be 900 . 1407°F,
Better ultimat« strength, creep strenghth, and grain
size control should be added to the listed research

goals,

No. 3 The title should be, "Hot Corrosion and
Oxidation,"

2. 84 Mr. Bradley pointed ~ut that one -t the ma jor
advantares of the directional solldification method is

that 1t frees alloy developers of restrictions and
restraints Imposed by requlrements for good grain-
toundry properties. The requirements often necessitate

ORIGINAL et 13
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compromises and trade-offs to get satlisfactory grain
bulk characterlstics, He reported that P&W have made
and tested more than 20,000 directlonatl solidifiled
engine parts. Technlagues for making lon;-grain parts
are good enough now for application, but single-grain
narts need mor. development., The chief problem of
directional solidification is its 100% to 200% higher
cost,

No., - Expand rccommendation to cover all fibers, not
Just metal fib:.rs,

No. 7 Add 'casting variables’' to the list of examplec
of needed knowledege,

The recommendations, as revised by the full Panel; are attached
as Appendix VIII,

Report ¢f Subpanel on Composites

Mr, Long .-tated that the Subpanel had no reports or recommenda-
tions in final form to add to their report appended to the
minutos of the last mecting, Their recommendations, however,
are under review ar! may be modified before the next meeting.
He stated that the major broad problem-arcas of composites are
(1) Process Techniques, (2) Test Methods, znd (3) Costs.

Discuss Needed Facilities for Engine Materials Research

in response to the MASA Research Advisory Committeels roaues
that the various Subcommitters cxamine NASA's needs for teoeft
facllities in thelr respective areas of responsibility,
especlally those facilities that require substantial time tor
design and construction, the Chairman askef the Panrl to bepin
an inquiry Into the needs for new facilities for research on
engine materials, Ye noted that on several occaslions 1n the
past, the Panel had Jiscussed NASA's need for a real engine

ts t~3t new materlal., but had always conciuded that such test:
can be done better and cheaper by engine manufacturers.

Mr, Ault stated that the Lewls Center has a J-75 Jjet enp'ne
that is spreially desipned and instrumented for researenh 1In
cocling tochnology, This faecility is not well suited for
matorlals regearch 2nd not so used,

Mr. Jahnke polnted oul that NASA has accesy to the J-93 englne,
with spars parts, ' “f osver from the B-70 project., He sugrested
that fhe Panel con.il.r how thev could be used for materials
testineg, The consi neus was that a tegt facility built around
them would be too c2stly and inflexible,



[
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Mr. Ault sald that TLewis is serlously considering the con-
struction of a new test facility with a real engine, that
could be used for materials research on &11 engine components
e.g. fan, compressor, turblne, gas generators, etc,

Mr. Hanink suggested strongly trat before Lewls makes final
decision on such a facility, they consult all engine manufac-
turers and give them an opportunity to recommend desirabl-
characteristics and uses.

Mr. Frceman noted that first costs and operatin.s costs would
be lower if the engine in such a facility were a cmall one,

The Panel agreed that NASA's need for an engine test-facility
with materials test capabilities deserved further study.,

Messrs. Hanink, Bradley, and Jahnke agreed to examine the matters

In greiter detail and send thelr opinions on approximate speci-
fications to the Secretary for transmittal to the Panel and
for review at the next meeting,

The Chairman asked for sugiestions for other new facilitios
needed for research on englne materials., The Panel agreec
that a special NDT facility and a Casting Laboratory werec

worth study,

Mr, Rinz agreed to prepare a4 specification znd Justification
fer a NDT facility, and Mr. Hanink for 4 casting laboratory.
Results of their studies will be sent to the Secretary in

t*iqe t5 Corward them to the full Panel for discussion at the
next mecting,

Members Reports

. furt: distributed cople: of current resume: (Forms 1122)
53 Alr Force tasks cluscly related te materials of interest
O aircraft engines,

™ O

Mr., Pride handed out copirs of bpief statul reports of seven
research tasks at Langley of sprcial Interest to the Panel,

Mr. Machlin diztributed coples of status reports of 11 Navy
research tasks on high temperature materialsa for structures
of propulsion systems.
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Mr. bradley reported a recently discovered embrittlement
phenomenon in superalloys. Troubles with low ductility in
creep tests were found to be due to trace amounts of hismuth,
probability introduccd in tantalum scrap, Three parts per
milllion (3ppm) causes serious embrittlement; Mr, Bleber of
INCO has data that suggests that lppm may be enough, The
blsmuth embrittles by s mechan'sm involviny cegregation at
grain boundaries, Mr. Jahnke noted that silver can aet in
a somewhat similar way, Failures of Rene'! 80 have been
attributed to 800ppm of silver. Other datna suroest that
>-10ppm was harmless, The tolerance level i: uncertain,

Next Meeting

The Panel scheduled its next mecting for September 24 and o
at the WPAFB, Ohio., The major topic will be ND™ and Life
Prediction,.

The formal busine,: m2eting ad journed at 12 Noon on April 2:,,
1969, On the afternoon of April 25, Langley representatives
conducted Pan2l membk-rs who elected to inspect materials
research facllitie: 'n a tour of the Fatlgue Laboratory, tne
J-foot High-Temperature Structures Tunnel, and the Hypersonic
Materlals Kvaluation Tcst Laboratory,

(i ¥



Aprpeumy T

E H. ANDREWS .

E. H. Andrews
Figure List
SLIDE 1. Specific Impuise for Air-Breathing Egnires and Rockets
. Hypersonic Cruise Vehicle
Airbreathing Propulsion Operating Regime

Hypersoni: Cruise Environmental Conditions

2
3
L
5. Stagnation Conditions for q = 1500 psf
6. HRE Design Features
7. HRE Desiga Conditicns
[Figure is confidential (title unclassif-edﬂ
8. Spike Tip Cooling

Cowl Leading Edge Concepts
10. BStrut Cooling
11. (a) Moving Parts Sealing

(b) Regen Panel Inserts

12. Hypersonic Propulsion System Concept
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SoR-Pawel on NDT 4 L.rFe PEED'IC.—/—/_DN

: ot cspanding activity during the last scoveral ;oarc,

e oot Treat Ton o physical methods which might be the bagis Mor oid
Pl yeon e outchripped the applications of these techiniques Lo o
coocinen, Cany recont advances in familiar NDT approaches have not oo
Bt sobororetony applled to the engine inspection problems.  Thegse Ll e
Pedevislion v-ray, laser assisted ultrasonics, electronic lata processin
aneopattoern recoonltion, and pulsed cody currents. In addition, some o
P mewie 1~vhufqan which have received little evaluation Udr job ol v
et e raphy, Lhormopgraphy s, neutron radiography, masboabsorption aro
ryptonat lon Lecnnigues.

e Sutare overall emphasis shouald probably be on cxpiorio s Ll
ol roatdon o baoio physical methods Lo the configuratiovs anet sorvic
coaos/envivomments which will be experienced in jet on lnec.  (hic wil

viie nequisinion o corrolatlons between the "swing ol Lhe ol
veodey bor o componentss in simulation tests or service pocororninesoe. b
Poo ceents nen o Lhiis correlation Jdata and for additionst eoowled o
shiiel oo o obbained aboul the phycics of the failures whiich ocur i
ey b b peow e Poeha Loactivities scarcehiing for new oy sichs net
o Lhe e evedopment lnbo practical NDI tools.

;
Aot overall factor tor considerable attentlion wila e Lil anie -
P ot avntomntbon MU Lechniques in order to botn keep conts withbdd
covgtur e booreden Lhe factor of human error.  The lattoer miohi ciher-
Sioe Lewome .o wimitio, 5osbior 2s Lhe expanding use of cophilstieateos ook
Dot it U avadiad tadity off hipghly trained peopio, not e oo
Do it e o igan. aabnn 1neroases.

e veveopment. ol nondestiruetive methoas beyond dntond aretesrntor
voocentel on pocsibic o phygical methods can rapldly becosme sl v i
oo b L coen nol, beneitit from cxtensive Teedback of Lt Covibe o
Chocsbe o Saidare nvter rencd servies conditlons, and thio opporian Dy

conoiate i hetlesioions with thie actual behavior of paria. Ut gl
ey e carney, become gt expensive and 1t becomes nocoasnr oo
cure b D e abnek' on hardware development or Lest opoeos v
; AT cLivitios ofrer o try out Lheir new '"breadboacd’ b itinoow
a o hmrddwnec ihems which will be subjected to simudlation or secvies ootdn
cheof et v i Tes mast. cvpect bo pay the cost of accomprishic  thiis o
Phe teegee onn ovdbadoln, wwetul feedback in the Torm of va. o corecdsas oo o,
siunp e o0 aecan where Lhe convergence ol needs with posoibin appoioabid
L ccoprowenes Swen st such an approach arc:
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. ocomdications of acoustical unalysis

oWt Lhilelness measwements in cooled turbine blales

v, choecb o o eracks in titanium
oL aspection ot electron beam weld repairs

Fe lonpection of i usion bonded composite struchures
. hmprovedd wbomated inspecellon of billets for nonm alllc Incilusion:
.o ccbeotldlon ol dicterioration of installed bearings

Cottgne o Kaowledoo

At overad ) emphasis at thids Lime should be or application
woausb bon ol exloting phiysical methods there are many arcas whore odnl-
tioenl wommental knowledge is required, or potential inspection protiicmc
beddtable physical methods appear to be available or roconizoa.

Ler o ey ot course, Lhe never-ending desire to detecl and characterice
seeltes el nrngler eracks and flaws.  Beyond this, some exambles i b=
e tal o des requas iy, awtention are:

v etecebion o Pabloue damagre prior to appearance of @ oocrac, |

b sudtable methods for detecllon of over temperatire "euca o

Ir hol cumpornients
oooobhrengin o wdiesive bonds
Co possibde cannant (stress corrosion) effects ot penctrsun.s .

e oo o o

; Gl oarea whieece conuiderable lons-range activily 1o warran'.co

eoblee sneral o subject ot pattern recognition.  For example, Lhie we of
Jidbteon rochniques with ilters to provide improved roadouwb wnd paitesr
oo ntd Lot in coctioorapty 18 belng developed for oa variclhy, ol amwnllon-

brornt Cocl oo Lo Inspecetlon ol praphite bodies, but hao oot oo e
Srplie s b carine problems. A wealth of informatiorn can bhe o ohoainiod oo
citraconl o methods, but Lhe exploration of the possibilicicu oi tiess
Leechnidogecs o 1 Ito infancy larpely Jdue to the provblems o oot lng i
mons o ocr o comp s ity o Lthe signals . Mrect electronic vesvdout o v

Lo boovery woead fere,
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1. The use of ana Ivtical tec hnigues to pr edict the fatiguce rospoin

of jot enpine: o ostill very much in its infancy at the present time.

The standard ApPIOth used by onkxnc manufacturers 10 verify their

cngine design may he summarized in the tollowing steps:

L fhe proposed design in subi cected to as complete @ stress-
analyars s omodern simulation techniques will allow:

b The stress data obtained trom () s used in conjunction with
Mot orioabs SN CUTVOS, Coodman diagrams, and ¢lementary cumulative
Jamage Lows to arrmive a1 the first estimate of the fatigue responsc.
This estimate 1s Little wore than an cducated guess.

C . Pnoine components considered critical in fatigue te.g- hlades)
are bhench o Gted To determine the ratipuc endurance 1imit and to
demons: rote adeguate life. These tests arc also used to contirm the
stress Jdata obtained ino(a).

J. pulloscale sam Jated service tests are finally run on the
comnleted engane dc«xgu tt will be noted that the technigue relies
heavi by on atftoer-the-fuct testing to nprove' the fatigue design. Prior
prodiction plavs a relatively minor role.

2. This approach has been roasonably cuccesstful in the past hut new systoms

coming into cervice and buing planned make it neccessdary that o more
analyticald technique be adopted. For one thing, the longer design Jives
o many ot the new svstoms are making 1t inereasingly costly {in terms
of both Jdollars and time) to run the type of tests that have been vun i
the past.

3 11 1. obvious that the problem ot atiguc prcdlction cioa svstom and
eneironment e complicated as that of a jet engine is a very diviicult

task. o tact cxisting technigues e incapablc of doing this spcvessiuiby.
I order toodmprove this situation o considerable ettfort Paogoing to e
Becesaary in the future.  The following sugpestions are aade inoconnection

with this ofvort:

L1t s essentaid that the operating ey ironment hoo detoned b
decnrateiv. More rhoupht must he given to ways ol recording stresses,
omperatises, fimes oto from ()pcxxili<>n:11 cngines s well as trom test
<ot [PAE

by he intormation obtained trom (oo could be used to covine amd
Goreen existing theories ot cumulative damige. The availability ol

nleguatye em o dronment ol intormation would make 1t possibic e TEETAS
how well cnrrent Gl ot ve damage theorices predict the component lLives
thet are cncountered i foest set ups or Cervice experience.
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oL Thought should be given to the feasibility ot adapting the
reliability concepts, developed in recent years for flight structures,
to engines.  These techniques which relate time to first failure to both
Fleet size and time to mean tailure have proven very successful.
(Rel APML-TR-09-65) .  However the more severe environment of an cngine
wou d complicate this process.

d.  The greatest shortcoming at the present time 1s our lack of
understanding of interaction effects taking place e.g. fatigue modificd
by simultancous creep. Unless currvent elementary cumulative damage
laws prove to be unexpectedly adequate, a great amount of study, both
phenomenological and fundamental, may be nceded in this arsa.

4. Therce are a number of people and proups throughout the US who arce
concerned with various aspects of these problems. The engine manufacturers
are certainly looking at some of thesce aspects usually though at a lecvel
closely tied to production problems. One of the first things that

needs to be done 1s o survey to ostablish the level and direction of

current cfforts,

.0 1t is absolutely necessarvy to accumulate actual service history data on
engines such as recordings of stress and strain, strain rates, tomperaturc and
temperature gradients, and heating rates. Such data are needed for intelligent
aescssment of life predictions of critical fatigue sensitive locations.

This knowledge must be coupled with relevant system and comporoent static and
dynamic developmental tests in order to apply current reliability techniques.

ORIHNAL rorm 15
B A I I
OF POOIL ey



ie)

APPELDIN VLT

May 20, 1969

SUB PANEL ON SUPERALLOYS
RECOMMENDATIONS

The following recommendations are based upon discussion by

the Sub Panel at Sterling Forest and Seattle, upon communi-

cations between members and the chairman, and upon final

comments at Langley Field:

1. Powder Metallurgy

More research and development is recommended on
powder metallurgy aimed at improvements in
sintered and hot pressed alloys. Consolidation
of powders atomized from prealloyed melts has
much to offer as regards composition modification,
obtaining fine grainsize and achieving different

forms or shapes more economically.

2. Disk and Shaft Materials
More R & D on disk and shaft materials for
operation in the temperature range of.900-1400 F
is recommended. Substantial improvements in
strength (e.g., torsional fatigue strength) at
intermediate temperatures could be of great sig-
nificance in contributing to performance and

weight saving.
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3. Hot Corrosion & Oxidation
Greater effort on the study of the mechanism
of response of superalloys to corroding en-
vironments is indicated. The ultimate aim
should be superalloys of higher t-emperature
capability with improved hot corrosion and

oxidation resistance, strength and stability.

4. Directional Solidification
The advantages of directional solidification point
up the need for R & D effort on new alloys designed
specifically for directional solidification and the

evaluation of properties of current alloys when

directionally solidified.

5. Superalloy Composites
Superalloy composites, particularly for blading,
should get high priority. Refractory'fibers
in a superalloy matrix have considerable promise

of improved high temperature capability.

6. Dispersion Strengthening
Dispersion stréngtheningvas a means of achieving
stronger Superailoys of higher melting point
should continue to be backed with emphasis on
optimization of thermomechanical processing of
such alloys. The economics of dispersion
strengthened alloys should continue to receive

attention.
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7. Study of Reduced Strength in Thin Walls of Castings
Work designed to understand the problem of reduced
strength in Fhe thin walls of convencionally cast
superalloy biades is recommended. Effects of
casting variables, grainsize, and interdendritic
spacing versus cast section size are examples of
knowledge needed. Comparison with thin walis in
wrought and sinte:red and hot pressed superalloys

is suggested.

Submitted by the Sub Panel on Superalloys

E. F. Bradley ) G. M. Ault
L. P. Jahnke ) ex officio R. I. Jaffee
D. Hanink ) W.H. Sharp, Cnairman



